Fatigue strength evaluations have been performed to the pressurizer component in Pressurized Water Reactor. Fatigue is the main failure mechanism of material during system in operation. Therefore, this evaluation becomes important to be performed since the pressurizer has a very important function in the reactor's system. Analysis . This value still far enough below failure criteria, which a value is 1. Therefore, the pressurizer design has already fulfilled the design qualification in term of fatigue aspect.
Introduction
Primary cooling system of Pressurized Water Reactor (PWR) has a high operating pressure of about 15 MPa [1] . So that the main components in the nuclear island, that are reactor pressure vessel, pressurizer, steam generators and the primary coolant piping system should be able to retain this operating pressure. Therefore, the integrity of the mechanical structure of these components must be guaranteed for all operation condition including severe accident and transient conditions. It's known that one of the main causes of catastrophic failure of a structure is due to fatigue phenomenon [2] . Fatigue is the phenomenon in which lead into material degradation due to cyclic loading. Fatigue phenomenon may also occur in the main nuclear components during reactor service life due to transient condition such as reactor start-up and shut-down, increasing and decreasing power. These transient conditions will generate cyclic loads to the structures. These loads could be a mechanical load or/and thermal load due to temperature stratification. During normal conditions, reactor components were designed to have long fatigue life. However, the operating conditions and environment could shorten the fatigue life. Extreme environmental conditions could induce corrosion to the material. Corrosion will initiate fatigue crack prematurely [3, 4] . By these reasons, many studies related to the fatigue and fatigue
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Pressurizer is one of the safety-related reactor components which have a function to maintain the reactor operating pressure. As a result pressurizer endures various types of loads. Therefore the structural integrity of the pressurizer should be determined through conservative stress analysis and should fulfil design requirement and stress limit which corresponds to the design conditions and additional conditions [7] .
In this study, the fatigue life analysis was done for pressurizer components by calculation method. The results of the analysis are then compared with the standard design in order to determine the reliability of pressurizer.
Theory
Fatigue strength (it's also called as fatigue limit or endurance limit) of material is determined by performing fatigue testing using several number of specimens and strength (HCF), and sub-fatigue limit (SF) [8] Design of reactor components should conform to a specific standard applied in vendor countries such as ASME standards which is applicable in the United States [7] .
The standard sets all the parameters or mechanical behavior of the material used in the reactor, including fatigue aspect. The ASME standard section III Division 1, Sub
Division NB was applied to the design of nuclear reactor components. Therefore, in this study, the fatigue strength analysis were performed according to this standard.
Fatigue strength analysis is performed using the peak stress which is a resultant of various loads in each level of operation. Then, amplitude stress (S a ) were calculated using peak stress according to equation (1) The value of stress amplitude (S a ) is put in the S-N curve shown in Appendix I of ASME section III (see Figure 1 ) in order to determine the fatigue life of components.
However, the fatigue life determined here is the life represents for one loading level, only. In fact, in the real operation, each reactor component may experience various loading levels and various cyclic numbers. To determine the accumulative fatigue life due to various loading levels, fatigue usage factor method was applied. Fatigue Usage Factor was calculated by Miner method and according to equation (2) and (3). Firstly, each ratio between loading cycles during reactor operation with the number of cycles at Wohler diagram for a certain loading level was calculated using equation (2) . After all loading levels were calculated, then cumulative fatigue damage was calculated using equation (3) . From this calculation, the value of the cumulative fatigue usage factor in a structure should not exceed 1. The value of 1, it means the components will experience failure due to fatigue phenomenon. Therefore, value 1 represents failure criteria. 
Methodology
As described in the previous section, in this study, the fatigue strength analysis were performed to the pressurizer with a design as shown in Fig. 3 . Ferritic steel of type SA 533 B was used for pressurizer material as those used in reactor pressure vessel.
Design parameter of pressurizer was shown in Table 1 , whilst mechanical properties and thermal properties of material were shown in Table 2 . In the analysis of fatigue strength, the stress values which occur during reactor operation (for a specific load level) and cycle number were needed. In the operation of nuclear power reactors, the operating level is divided into five levels, namely the operating conditions level A, level B, level C, level D and testing conditions [7] . For each level there are a several stress value with a certain cycle number. In this analysis of the fatigue strength, the stress value and the frequency of occurrence data are as a result from the operation of the reactor for 40 years. These data are shown in Table 3 Table 3 . Δσ shows the stress amplitude representing a stress difference between the maximum and minimum stress. The notation which represents number of cycles for 40 years was changed became n i . N i column states the fatigue life at a certain stress level, which is determined by S-N curve as shown in Figure 1 . In this analysis, S-N curve of SA 533 B under water and temperature 288 °C was used. In this figure, S-N graph of ASME standard and various result from different strain rate were plotted.
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Result and Discussion
Furthermore, cumulative fatigue damage, α, was calculated using equation (2) . As shown in Figure 1 , curve C has endurance or fatigue limit at stress value of about 90 MPa. Thus, stress values below 90 MPa will not result damage in material due to fatigue phenomenon. However, to quantify the value of α at all stress levels in Table 4 . This value is extremely small compared to the value of 1, where a value of 1 indicates that the components will fail due to fatigue phenomena. As shown in Table 4 Table 5 shows CFD calculation results from ASME standard curve and various condition with different strain rate. CFD from ASME standard curve has the smallest value, whilst the smallest strain rate has the biggest CFD value. From this table, it is known that CFD depends on the strain rate. Even for the biggest CFD value, it is still smaller than 1.
From the results of this analysis can be seen that the design of the pressurizer has fulfilled the requirements of fatigue strength aspect.
Conclusion
Fatigue strength analysis of pressurizer design were performed. Analysis were performed using nuclear power plant operating data to define various types of stress levels that occur in the pressurizer and cycle / frequency of the stress. Data refer to the operating history for 40 years. From the results of analysis, depends on ASME standard curve and various strain rate, show that the value of cumulative fatigue damage varies from 4.85 × 10 −3 to 4.50 × 10 −2 . The upper value is still smaller than 1. It can be concluded that the design meets the standards pressurizer analyzed from the aspect of fatigue strength.
